Constituents of plants of the family Asclepiadaceae : constituents of Marsdenia flavescens and Marsdenia restrata from the Wollongong area by Duff, Alan Gordon
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1973 
Constituents of plants of the family Asclepiadaceae : constituents of 
Marsdenia flavescens and Marsdenia restrata from the Wollongong area 
Alan Gordon Duff 
Wollongong University College 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Duff, Alan Gordon, Constituents of plants of the family Asclepiadaceae : constituents of Marsdenia 
flavescens and Marsdenia restrata from the Wollongong area, Master of Science thesis, Department of 
Chemistry, University of Wollongong, 1973. https://ro.uow.edu.au/theses/2623 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
CONSTITUENTS OF PLANTS OF 
THE FAMILY ASCLEPIADACEAE 
CONSTITUENTS 
OF 
MARSDENIA FLAVESCENS AND MARSDENIA ROSTRATA 
FROM THE WOLLONGONG AREA 
A THESIS 
Submitted in fulfilment of the 
requirements for admittance to 
the degree of 
MSTER OF SCIENCE 
of the 
UNIVERSITY OF NEW SOUTH WALES 
by 
ALAN GORDON DUFF 
UN4VERSITY OF 
WOLLONGONG 
UBRART 
Wollongong University College, 
The University of New South Wales, 
January, 1973. 

I hereby declare that the work described in this thesis has not 
been submitted for a higher degree to any other University or 
Institution. 
A. G. DUFF. 
TABLE OF CONTENTS 
TABLE OF CONTENTS 
SUMMARY 
Page 
1 1 1 
INTRODUCTION 
The Australian Phytochemical Survey 2 
Marsdenia and Related Genera 4 
Occurrence and Physiological Activity 4 
Polyhydroxypregnane Derivatives 7 
Isolated from Individual Species 
DISCUSSION 
The Constituents of Marsdenia Flavescens 24 
Flavescin 25 
Diterpene I 32 
Diterpene II 37 
The Constituents of Marsdenia Rostrata 41 
Rostragenin I 43 
Rostragenin II 46 
Hydrolysis of Metaplexigenin 52 
EXPERIMENTAL 
Page 
General 56 
The Constituents of Marsdénia Flavescens 58 
First Collection 58 
Isolation of the Constituents 59 
Structure Elucidation of a New 60 
Steroid - Flavescin 
Second Collection 63 
Isolation of the Constituents 65 
Elucidation of the Structure of Diterpene I 68 
Elucidation of the Structure of Diterpene II 70 
The Constituents of Marsdenia Rostrata 72 
Structure Elucidation of Rostragenin I 74 
Structure Elucidation of Rostragenin II 75 
Hydrolysis of Metaplexigenin 81 
BIBLIOGRAPHY 83 
ACKNOWLEDGMENTS 95 
Ill 
SUMMARY 
The steroidal and diterpenoidal constituents of two Marsdenia  
species, M. flavescens and M. rostrata^ of the plant family Asclepiadaceae 
were investigated. Both species were collected from the slopes of Mount 
Keira on the Illawarra escarpment of New South Wales. 
Extraction of the whole plant of M̂ , f lave s cens. which does 
not contain any alkaloids, yielded different components from two 
separate collections made during different seasons of 1970 and 1971. 
From the 1970 collection a new steroid, named flavescin was isolated. 
Its structure was elucidated on the basis of spectroscopic evidence -
especially that obtained by mass and nuclear magnetic resonance 
spectroscopy - as 12 - 0 - acetyl - 12^, 14^, 20"J - pentahydroxy 
- ¿^ - pregnen - 1 - one. 
From the second collection two new diterpenes, designated 
as diterpene I and diterpene II, were isolated. Biogenetic considerations, 
together with an examination of the mass spectral fragmentation patterns, 
lead to the tentative assignment of the new tetracyclic diterpene 
structures 24. and 2^ to these compounds. Flavescin also was shown to 
be present. 
The non-alkaloidal portion of a M^ rostrata extract yielded 
two new polyhydroxypregnane type steroids. Evidence indicates that 
rostragenin I possesses hydroxy groups in the 16- and 17- positions. 
The structure of rostragenin II was elucidated with the help of mass 
and nuclear magnetic resonance spectroscopy as 5<L - dihydro - 17 -
iso l ineolon. 
I N T R O D U C T I O N 
THE AUSTRALIAN PHYTOCHEMICAL SURVEY 
During the first years of European settlement in Australia 
the essential oil of Eucalyptus piperita was used medicinally as a 
substitute for the oil of peppermint^. Then in the 1850's a study 
of the many plants containing large quantities of essential oils 
commenced. This initial work on natural products was quickly extended 
by the requirements of the pastoral industry, which was worried by the 
heavy losses of sheep and cattle attributed to the ingestion of poisonous 
2 plants . 
In addition, the lack of certain essential drugs during the 
1939-45 War extended the boundaries of the above programme to include 
the search for useful drugs from the Australian native flora. Although, 
in the short time available, this search met only with limited success, 
except possibly for the isolation of hyoscine and hyoscyamine from 
Duboisia species which were developed commercially as major sources of 
these drugs for the world market, it led to the establishment in 1944 
of the first Phytochemical survey of the Australian flora. 
Because of the great diversity of the Northern Australian 
flora, ranging from tropical rainforest to desert plain, the initial 
field work was carried out nearly exclusively in Queensland. C. Barnard 
and L.J. Webb of the Division of Plant Industry, C.S.I.R.O., were 
responsible for most of the field work while J.R. Price of the Division 
of Industrial Chemistry was in charge of the chemical investigations. 
The volume of chemical work soon overtaxed the resources of the 
C.S.I.R.O. and the co-operation of the Australian Universities was 
sought. 
The study of alkaloids was the initial objective of this 
programme because they were believed to offer the most promising 
approach leading to the discovery of pharmacologically active 
materials. This aim was later enlarged to include triterpenes, steroids, 
cardiac glycosides, cyclitols, colouring materials and coumarins. 
The findings were summarized in a number of bulletins by 
3 4 5 
Webb ' ' , while some chemical aspects of Natural Product Research in 
Australia up to 1961 have been summarized by Price^. 
Up till 1968, i.e. during the first two decades of the 
survey's existence, over four thousand species of the higher plants 
fi 
of Australia had been screened. In a recent article, Webb gives the 
approximate number of new compounds identified during the survey, as: 
a) Alkaloids: 250-300 known 
200 new 
b) Terpenes and sesquiterpenes: 210 known 
20 new 
c) Diterpenes: 20 known 
63 new 
d) Triterpenes and steroids: 70 known 
36 new. 
These numbers have been considerably increased during the 
past few years and continue to grow. This is due mainly to the 
development, and widespread acceptance, of chromatographic separation 
techniques and of physico-chemical methods of structure elucidation 
requiring only small amounts of material. 
MARSDENIA AND RELATED GENERA 
Occurrence and Physiological Activity 
The Marsdenia genus is one of over 300 genera belongong to 
the plant family Asclepiadaceae^, and, as it is at present constituted, 
is distributed over the tropical regions of the New as well as the Old 
World. All Australian species are, however, endemic. 
The species belongong to the Marsdenia genus are twiners or 
small erect shrubs, the flowers of which are usually white or yellow 
though several of them are green. These flowers are fragrant, axillary 
and appear in simple or compound umbels. 
g 
The "Flora Australiensis" describes fifteen species of the 
Marsdenia genus and their known localities in Australia. Both 
M. flavescens and ^ rostrata are native also to the Illawarra area of 
8 9 New South Wales ' 
A number of different species of Marsdenia and related 
genera have been reported to have useful medicinal applications while 
others proved to be toxic. 
The whole plant of ^ rostrata R. Br. is reported to be 
the cause of numerous cases of stock poisoning^, while the insoluble 
portion of the resinous extract proved to be toxic to pigs^^. 
M. condurango was reported, as early as 1911, to be poisonous 
to stock and to contain a glucoside (named condurangin) which was used 
as a stomachic and astringent. 
The seeds of Dregea rubicunda K. Schum^^ (syn - ̂  rubicunda 
N.E. Br.) are regarded as poisonous, while the root is used as a 
purgative and expectorant. In Tanganyika the root is chewed, believing 
it to be an aphrodisiac. The two species ^ umbellifera K. Schum and 
M. spissa S. Moore have also been used medicinally in Kenya and 
Tanganyika 
M. erecta R. Br. (syn - Cynanchum erectum L.) is known to 
cause poisoning in cattle, and symptoms showing similarity in effect 
have been produced experimentally in white mice after administration 
of an extract of the plant by intraperitoneal injection. The active 
12 13 substance is reported to be a glycoside . Later work has shown 
that the active substance, named erectin, inhibits sprouting in various 
OH H 
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2. A 
3. 5«¿-H 
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plants when added at a concentration of 0.1 percent. Marsdenia species 
themselves are, however, unaffected by erec t in . 
Sarcostemma australe R. Br. has also been reported to be 
poisonous to stock^^. Its chief e f f e c t is upon the central nervous 
system. A niraiber of species of this genus are used by the Australian 
g 
Aborigines for the treatment of sores and wounds . As often is the 
case with the use of plants by primitive peoples, there may be a 
rational basis for i t s use; namely, these plants contain certair^ as 
yet unidentif ied, pro teo ly t i c enzymes. 
Polvhvdroxpregnane Derivatives Isolated from 
Individual Species 
Many species of the Marsdenia genus are very r ich in gi^osides; 
some of them also contain traces of cardenolides. These gifeT ĉosides 
y i e l d , a f ter mild ac id i c hydrolysis , a complex mixture consisting of 
e i ther free or e s t e r i f i e d polyhydro2^regnane derivatives . 
14 
In 1937, Earl and Doherty isolated a saponin from 
Sarcostemma australe. The aglycone obtained af ter hydrolysis of the 
benzoyl and cinnamoyl ester groups was shown to be sarcostin^^(l_) and 16 i t s structure elucidated by Reichstein and co-workers 
M. tomentosa Decne, which is widely distributed in the southern 
part of Japan, yields ester aglycones. Mitsuhashi and co-workers^^ 
i so lated , a f ter ac id i c hydrolysis followed by alkaline hydrolysis of 

the esterifying groups (formed from tiglic, isovaleric and acetic acids), 
sarcostin and "tomentogenin". However, careful re-examination of their 
findings showed that the latter was a mixture of dehydro-tomentogenin(2) 
18 
and tomentogenin (2) identical with utendin and 5c< - dihydro-utendin 
19 
respectively . Finally, partial synthesis of tomentogenin from 
hecogenin acetate established the configuration of the C-17 hydroxyl 
group and elucidated its structure as 3(3, 12^, 14p, 17^, 20 J -20 pentahydroxy - 5«¿ - pregnane 
From the seeds of Dregea volubilis (L) Benth (syn: volubilis 
T. Cook), a stout, tall, climbing shrub; the aglycones drevogenin A (4) , 
21 
drevogenin B (§) , drevogenin P and drevogenin D (Z) were isolated 
The structures of these genins were elucidated by physico-chemical 
22 
techniques, thus confirming their inter-relationship 
A few years earlier, steroids with an oxygen substituent in 
the eleven position provided some of the most exciting work in steroid 
chemistry. In the early 1940*s Marker undertook an exhaustive search 
for vegetable sterols. From Dioscorea (yam) species he isolated 
saponins which are now used as starting materials in the manufacture 
of sex and cortical hormones. Although no plant steroids with an 
oxygen at the required eleven position were found amongst the hundreds 
of those studied, Marker was convinced that there must be at least one 
which is suitable for conversion to cortisone which had been isolated 
from beef adrenals in 1935. As over eighty percent of all steroid 
R = 
O OH 
" I , V 
-C-CH-CH(CH ) 2 
9. 
H -C -OH 
10 
hormones used today are cortical a more plentiful source of cortisone 
was required. The answer came from the Mexican yam. Progesterone, from 
Dioscorea. was converted into cortisone and other eleven-oxygenated 
hormones by the use of bacteria which could achieve economically what 
laboratory chemical methods could not. Today over seventy percent of 
the cortical hormones prescribed by the medical profession start from 
23 the steroids of the Mexican yam . 
The stems and leaves of ̂  volubilis T. Cook, collected in 
India, indicated the presence of ester glycosides of the same type as 
those isolated from the seeds. In addition a number of other compounds, 
including e.g. taraxerol, another triterpenoid C^QH^QO, a sterol 
^28^48^ and a tetrahydroxyflavone C^^H^QO^, were also isolated^^. 
The seeds of abyssinica (Höchst) K. Schum, a native of 
tropical Africa, are rich in glycosides all of which are derived from 
two known pregnane derivatives; drevogenin P and drevogenin D. Mild 
acidic hydrolysis produced the aglycones: drevogenin A, drevogenin B 
and four new compounds called drebyssogenins F (§), G, J and K (mixture 
25 26 of Kl and K2) . Their structures were elucidated by Reichstein et al 
Tschesche and his collaborators isolated the aglycones 
27 28 kondurangogenin-A and kondurangogenin-C ' from the components of 
M. condurango Reich. From the mass spectra of several derivatives of 
29 kondurangogenin-A it has been determined that, in l^-hydroxy-20-keto 
steroids, the configuration at C-17 strongly influences the 
fragmentation pattern of ring D, giving rise to characteristic 
differences in such stereoisomers. 
30 
Independently, Mitsuhashi and Hayashi studied Cortex 
conduran^o, obtainable commercially in Japan. The aglycone mixture 
gave, after alkaline hydrolysis; sarcostin, drevogenin D, 
dihydrodrevogenin D and a new pregnane derivative called marsdenin (g). 
A diacylated digitenol glycoside has been isolated from the 
O 1 
dried leaves and stalks of M. angolensis N.E. Br. . Acid hydrolysis 
yielded a pregnane derivative, with 1Z6-H configuration, esterified 
with two moles of^- hydroxyisovaleric acid. During saponification 
almost complete isomerisation occurred at C-17; the product obtained was 
identical with marsdenin obtained from Cortex condurango. 
The dried leaves of M. erecta R. Brcollected from the 
Balkins, yielded over six percent of a crude glycoside mixture which 
gave, upon acid hydrolysis, three polyhydroxylated pregnane derivatives^^: 
drevogenin P, 17^-marsdenin and marsectohexol (10). Both 17^-marsdenin 
and marsectohexol were new. Alkaline hydrolysis yielded the above 
compounds and, in addition, 17-iso-drevogenin P and marsdenin (17-6-marsdenin) 
which were formed from drevogenin P and 17^-marsdenin, respectively, by 
isomerisation. The structures of 17^- marsdenin, marsectohexol and a 
number of the acyl-genins have been elucidated mainly on the basis of 
O Ac 
C - C H 
12. 
C - C H 
13. 
their spectroscopic propert ies : 17(3- marsdenin being 3^, 8(B, Hot, 
12^, 14^ - pentahydroxy - pregnen-20-one and marsectohexol 
being l l L , 12(3, 14^, 2 0 ^ - hexahydroxy - pregnene^^. 
From the stems and leaves of Metaplexis japónica Makino, 
c o l l e c ted at Sapporo, Japan, Mitsuhashi and co-workers isolated 
sarcos t in , metaplexigenin (11), deacetylmetaplexigenin, 
deacylcynanchogenin (12) , utendin and pergularin (13), while 
benzoylramanone (14) was isolated from the roots^^'^^'^^. 
After alkaline hydrolysis of the ester type aglycone mixture 
from the roots of Cynanchum wi l f o rd i Hemsley, co l l e c ted in Korea, the 
polyhydroxy pregnane derivatives, sarcos t in , deacetylmetaplexigenin and 
37 38 39 l ineolon were isolated ' . Recently a new aglycone, Wilforine , 
has been isolated and i t s structure has been proposed as a diester 
of sarcost in with cinnamic acid and ikemaic acid (3, 4 dimethyl -
pent -2-en-o ic a c i d ) . 
The aglycones; cynanchogenin, penupogenin^^, condurango 
ester F, caudatin, l ineolon, i so l ineo lon , gagaminin, deacetylmetaplexigenin 
and sarcostin were obtained from the rhizome of Cynanchum caudatum Max. 
41 
The new compound, caudatin , has been shown to be an ester of 
deacetylmetaplexigenin with ikemaic ac id . Two new aglycones were 
obtained from the mild hydrolysis mixture of the crude glycosides ; 
namely ikemagenin and isoikemagenin. Ikemagenin is thought to be a 
cinnamoyl ester of l ineolon while isoikemagenin is suggested to be 42 12-0-cinnamoy1isolineolon 
C -CH , 
15. 
OBz 
CHgOBz 
16 
The roots of Asclepias swynnertonii S. Moore, collected in 
Southern Rhodesia, are very rich in glycosides, yielding on alkaline 
hydrolysis, the deacyl genins: sarcostin, 5flL-dihydrosarcostin, 
43 lineolon and deacetylmetaplexigenin . ^ glaucophylla Schlechter, 
from Central and Southern Africa^gave after mild acidic and alkaline 
44 
hydrolysis; sarcostin and a small amount of lineolon . The root of 
this plant is one of the richest sources of sarcostin known to date. 
It contains about one percent by weight of the dried root. 
The aglycones, 5fl6-dihydrosarcostin and tayloron (15) have 
been isolated from the roots of Gongronema taylorii (Schltr. and Rendle) 
45 Bullock , collected in Southern Rhodesia. 
Sarcostemma viminale (L.) R.Br., a climbing shrub from Southern 
Rhodesia, contains about one percent of glycosidic material. After 
mild acidic hydrolysis, five aglycones were isolated in pure form; 
metaplexigenin, mono-O-acetyl-mono-O-benzoyl-sarcostin, 12,20-di-0-
benzoyl-sarcostin, 12-0-benzoyl-deacetyl-metaplexigenin and di-O-benzoyl-
viminolone (16). Lineolon was detected both by paper and thin-layer 
46 chromatography . Lineolon, 17-isolineolon and deacetylm etaplexigenin 
as well as a small amount of sarcostin-ketone (17) were found in the 
47 roots of Kanahia laniflora (Forssk.) R. Br. 
C-CH. 
18. 
R,R =J ACETYL NICOTINOYL 
19. A 
20. 5<¿-H 
Many of the above pregnane derivatives are widely 
distributed; e.g. up till 1968 sarcostin had been found in fourteen 
plants and lineolon in ten plants. Most of these plants belong to the 
Asclepiadaceae family, though a few of them are members of different 
families. Table I lists the origin and distribution of some of the 
A O 
pregnane derivatives commonly encountered. A detailed review , 
covering the field until 1965, has been compiled by Reichstein. 
Alkaloids which possess the basic steroidal carbon skeleton 
49 
have been known for over a century and have been reviewed , about two 
decades ago, by McKenna. However, only very few examples of such 
alkaloids are known to occur in the Asclepiadaceae family. 
In 1969 Mitsuhashi and co-workers isolated a plant steroid 
esterified with an amino acid^^. They assigned to it the structure: 
12-0-nicotinoyl lineolon (18). 
Other steroidal ester alkaloids, where the basic properties 
are due to the esterifying acid and not to the alcoholic portion of 
the molecule, have recently been isolated from ^ rostrata, obtained 
from two New South Wales localities. The collection from the Toonumbar 
State Forest, contained, apart from the alkaloid anabasine, two new 
steroidal ester alkaloids named rostratine (19_) (O-acetyl-0-nicotinoyl 
sarcostin) and 5«6-dihydrorostratine (20) (O-acetyl-O-nicotinoyl-
dihydrosarcostin) while the collection from Wollongong contained the same 
two new ester alkaloids but no anabasine^^. A number of neutral 
21. 
1 ̂  I NICOTINOYL 
' "^CINNAMOYL 
22 
polyhydroxypregnane derivatives, including metaplexigenin, were found 
in both collections. Later, a third alkaloid, rostratamine (21) 
52 was also isolated from the Wollongong collection 
A number of polyhydroxypregnane derivatives have been 
33 36 reported from M. japónica Makino ' ' . Recently a new aglycone. 
called Ester A (22)^ has been isolated from this source and shown to 
. 53 be a cinnamoyl and nicotinoyl ester of a polyhydroxypregnane derivative 
Ester A has similar spectral characteristics to rostratine, indicating 
that its nicotinoyl group may be attached to the same hydroxyl group of 
the pregnane skeleton. 
TABLE I 
GENUS AND SPECIES ORIGIN 
POLYHYDROXYPREGNANE 
DERIVATIVES ISOLATED REF. 
Marsdenia angolensis Africa Marsdenin. 31 
" condurango - Kondurangogenins-A, -C. 27,28 
" erecta Ba Ik ins Drevogenin P, Marsdenin, 
ly^^-Marsdenin, Marsectohexol, 
17-Iso-drevogenin P. 
32,33 
" rostrata Australia Metaplexigenin, Rostratamine, 
Rostratine, Dihydro-
rostratine. 
51,52 
" tomentosa Japan Tomentogenin, Sarcostin 
Dehydro-tomentogenin. 
17,18 
19,20 
" volubilis - Drevogenins A, B, D, P. 21,22 
Dregea abyssinica Africa Drevogenins, A, B. 
Drebyssogenins F, G, J, K. 
25,26 
Cortex condurango Japan Sarcostin, Marsdenin, 
Drevogenin D. 
30 
Asclepias glaucophvlla Africa Sarcostin, Lineolon. 44 
" swynnertonii S.Rhodesia Sarcostin, Lineolon, 
5o<--D ihy drosarcostin, 
Deacetylmetaplexigenin. 
43 
TABLE I (CONT'D.) 
GENUS AND SPECIES ORIGIN 
POLYHYDROXYPREGNANE 
DERIVATIVES ISOLATED REF 
Cynanchum caudaturn 
w i l f o r d i 
Gongronema t a y l o r i i 
Kanahia lan i f l o ra 
Me taplexis japónica 
Sarcostemma australe 
viminale 
Korea 
S.Rhodesia 
Africa 
Japan 
Australia 
S.Rhodesia 
Cynanchogenin, Penupogenin, 
Condurango Ester F, Caudatin, 
Lineolon, Iso l ineolon, 
Sarcostin, Deacetylmeta-
plexigenin, Ikemagenin, 
Is oikemagenin. 
Sarcostin, Lineolon 
De a ce ty Ime tap lex ige nin, 
Wil for ine . 
Tayloron, 
5<<-Dihy dr osar cos t in, 
Lineolon, 17-Isol ineolon, 
DeacetyImetaplexigenin. 
Sarcostin, Utendin, 
Pergularin, Lineolon, 
Benzoylramanone, 
Metaplexigenin, Ester A, 
DeacetyImetaplexigenin. 
Sarcostin 
Metaplexigenin, 
Deacetylmetaplexigenin, 
Sarcostin, Lineolon, 
Di-O-benzoyl-viminolon. 
40, 41, 
42 
37, 38, 
39 
45 
47 
34, 35, 
36, 53 
15, 16 
46 
D I S C U S S I O N 
THE CONSTITUENTS OF MARSDENIA FLAVESCENS 
The isolation of alkaloids from ^ rostrata^^ revived 
interest in the constituents of this plant genus. As another species 
of the same genus, M. flavescens. was available locally the author 
collected this species from the Illawarra escarpment near Wollongong. 
M^ flaveseens is considerably less common in this area than rostrata 
Although they grow, among other vines, in close proximity it is easy 
9 
to distinguish one from the other . 
Suspecting the presence of alkaloids in ^ flaveseens, the 
dried, milled plant material was extracted following the usual 
procedure for the isolation of alkaloids. However, after separation 
into supposedly neutral and basic constituents, both fractions appeared 
to be similar; neither of them containing alkaloids. For this reason 
the two extracts were combined and worked up together. The combined 
extract gave a negative Mayer's test while a Liebermann-Burchard test 
gave a positive result indicating the presence of steroids and/or 
terpenoids. 
The crude aglycone mixture, obtained after acid hydrolysis, 
was fractionated on an alumina column and one compound, named 
flavescin, was obtained in pure, crystalline form. 
Flavescin (23) 
This was obtained as colourless needles from acetone; 
m.p. 252-254°C. T.l.c. behaviour in a number of different solvent 
systems indicated that the compound was homogeneous. 
Its infrared spectrum, run as a potassium bromide disc, 
showed a strong broad absorption in the 0-H stretch region with 
maxima at 3440 cm 3360 cm ^ and 3270 cm'^. An acetyl group 
(1740 cm a keto group (1715 cm"^) and a ¿^C = C double bond 
(1672 cm were also identified. The nature of the keto group was 
further investigated by measuring its i.r. absorption peak in nujol 
mull (1701 cm and in chloroform solution (1708 cm indicating 
that the keto group is located either in a six-membered ring or in an 
aliphatic side chain^^. 
The ultraviolet absorption spectrum of flavescin showed 
maxima at 297 nm (log 8 = 2.20) given by the carbonyl chromophore, 
221 nm (log e = 3.26) a t r a n s i t i o n and 207 nm (log£=3.20), 
as would be expected from the numerous u.v. spectra recorded^^'^^ for 
steroid molecules. 
High resoltuion mass spectrometry gave the molecular ion 
at m/e 422.23291, establishing the formula of flavescin as 
which is in agreement with its elemental analysis. 
HIGH FIELD N.M.R. SPECTRUM OF FLAVESCIN 
AcO CH^ 111 o 
H - C - O H 10 
CH^-COO 
I8-CH3 
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The interpretation of the nuclear magnetic resonance spectra 
of such complex molecules as polyhydroxylated steroids is simplified 
o o / ̂  by the large range of comparison spectra available ' 
A 100 MHz n.m.r. spectrum of flavescin, run in d^-pyridine 
(Figure I), showed a three proton doublet at5 1.18 (j = 6.5 Hz) 
corresponding to the C-21 methyl group. Three proton singlets at 
CO 
¿1.50 and31.62 are given by and IS-CH^ respectively . The 
acetyl function, shown in the i.r. spectrum, is further confirmed by 
a three proton singlet ati5'2.25. Five one proton multiplets are 
readily recognisable: ^3.28 representing 1^-H, ̂ 3.90 representing 
3b6-H, S4.12 representing 12o6-H, <5̂ 5.08 representing 20-H and ̂ 5.59 46 
representing 6-H . Exchangeable protons, equivalent to four hydroxyl 
groups were found at 15, ̂ 5.08, ̂ 6.65 and«!^7.26. 
Comparison with similar, known compounds shows that the most 
likely positions for esterification are the secondary hydroxyl groups 
on carbons twelve and twenty. Esterification of the hydroxyl group on 
carbon three is highly unlikely as steroids usually occur in the plant 
59 as glycosides with the sugar residue attached to the 3-OH group 
Acetylation of the C-20 hydroxyl group causes an upfield shift of 
33 
approximately 0.4 ppm in the position of the 18-methyl singlet . In 
flavescin, no such shift has occurred, thus eliminating position 
twenty as the acetylated site; position twelve is therefore the most 
likely site for acetylation. 
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The position of the keto group proved to be the most 
difficult to determine. The i.r. spectrum excluded the keto group from 
a five membered ring and the n.m.r. data excluded it from the side chain, 
i.e. position twenty. Positions four and seven were excluded by the 
u.v. spectrum which showed no<^-unsaturated carbonyl absorption. The 
failure to form an osazone when flavescin was treated with phenylhydrazine 
eliminated the two and also the four positions. The most likely positions 
for the keto group remained C-1 and C-11. A detailed study of the mass 
spectral fragmentation patterns, shown partly in Figures 2 and 3, made 
the 11-keto structure unlikely, determining therefore C-1 as the correct 
position for the carbonyl function. 
Although the fragmentation pattern of the steroid skeleton is 
highly dependent on the hydroxy1 and carbonyl substitution, the detailed 
33 45 47 
work of Reichstein and his co-workers ' ' allows us to predict the 
appearance of certain fragmentations in the case of polyoxygénated 
steroids. 
From the mass spectrum of flavescin, shown in Table 4, the 
following initial fragmentations have been determined: 
m/e 422 = M^' 
404 = M"̂ ' - H^O (422 -^404:M"386 .8) 
386 = M"̂ ' - (404-^386:M'^368.8) 
345 = m"*"' - H2O - AcO' 
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344 = M+- - H^O - AcOH (404 344 :m"292 .9) 
326 = m"̂ ' - 2H2O - AcOH (344-^ 326:M*308.9) 
308 = m"̂ ' - 3H2O - AcOH 
On the basis of the above experimental data and mass spectral 
interpretation the following structure is proposed for flavescin (23); 
12 - 0 - acetyl - 3(3, Sp, 12(3, 14(3, 20^- pentahydroxy - A^ - pregnen - 1 one 
The absence of alkaloidal material in the first extraction, 
17 22 
together with a positive Liebermann-Burchard test and the reported * ' 
31 33 
' presence of steroidal compounds from many Marsdenia species prompted 
a second collection. 
The second collection was again made by the author from the 
Illawarra escarpment. The dried, milled material was extracted by 
percolation with cold methanol. 
After removal of most of the chlorophyll and related material, 
the extract gave a positive Keller-Kiliani test, indicating the 
presence of 2 - desoxy sugars^^. Dilute sulphuric acid was added to 
the aqueous extract to hydrolyze the glycosides to the corresponding 
aglycones. The resultant sugars were not further investigated. 
The crude aglycone mixture was fractionated by chromatography 
on an alumina column. A colourless material, obtained from a number 
of the fractions, was crystallized from benzene. Its initial t.l.c. 
behaviour indicated it to be homogeneous, however, it was finally 
separated into two components on a silica plate with benzene-methyl 
ethyl ketone (1:1) as solvent. The major component, diterpene I, comprising 
about ninety percent of the mixture, has been fully characterized while 
the structure of the "impurity", diterpene II, has been inferred from 
its mass spectrum and general similarity to diterpene I. 
Diterpene I (24) 
Diterpene I was recrystallized from benzene as fine "rod-like" 
colourless crystals; m.p. 138 - 141°C. 
A high resolution mass spectrum suggested the molecular ion 
to be m/e 334.21537 (C2Q H^q 0^) and this is supported by the 
existence of a metastable at m/e 276.8. This formula is also in 
excellent agreement with the elemental analysis. 
Its u.v. spectrum showed no absorption above 209 nm 
(log 6 = 2.87). The i.r. spectrum, run in potassium bromide, showed 
absorption bands at 3535 cm ^ and 3420 cm ^ given by the stretching 
frequency of the hydroxyl functions. The absence of absorption in the 
1700 cm~^ region implied the absence of a keto group. A prominent 
broad absorption with maxima at 1668 cm ^ and 1651 cm ^ indicated the 
presence of an unconjugated olefin which was confirmed by a positive 
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test reaction for diterpene I with tetranitromethane. 
Although many of the absorption bands in the 100 MHz n.m.r. 
spectrum of diterpene I, shown in Figure 4, could not be assigned a 
number have been confirmed. 
Three proton singlets a t ^ l .01, .24 and^l.58 are assigned 
to three angular methyl groups. A broad signal at'^5.40, although 
partly obscured, has been assigned to three olefinic protons. Two 
broad singlets at'^SG.lS a n d ^ 6 . 3 0 , each equivalent to one proton, 
exchanged when D2O was added. Deuterium exchange in the mass spectrometer 
also indicated that diterpene I contains two exchangeable hydrogen atoms 
per molecule. 
The structure elucidation of diterpene I has been carried 
out largly on the basis of its mass spectrum. From the high resolution 
mass spectrum. Table 5, and the use of the defocussed metastable 
technique giving both FFl (Table 2) and FF2 metastables the following 
diagnostic fragmentations, also shown schematically in Figure 5, have 
been confirmed. 
m/e 334 = m"*"' 
304 = M"^' - CH^O' (334--304:M"276.8) 
286 = M^' - CH20'- H2O (304 -^286 :M"269 .1) 
T A B L E 2 
FIRST FIELD FREE REGION M E T A S T A B L E S 
Diterpene I 
Daughter 
304 
247 
Measured 
Parent 
335.2 
304.6 
Intensity' 
500 
2300 
Diterpene II 348 
318 349.3 5500 
290 317.7 
347.8 
1600 
150 
275 289.6 
304.3 
318.2 
347.5 
190 
30 
2000 
60 
233 250.1 
290.5 
319.5 
347.7 
30 
1000 
20 
10 
* Relative to normal daughter ion = 100000 
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247 = M"*"' - CH^O' - C^H^O* (304 -^247 :FFl) 
229 = M"̂ ' - CH^O* - C^H^O' - H2O ( 2 4 7 2 2 9 :M"212 .3) 
211 = M"̂ ' - CH20' - C^H^O* - 2H2O (229 -^211:M"194.4) 
On the evidence of the spectral data and biogenetic considerations 
a new type of structure is proposed as a working hypothesis for diterpene I 
(24). This would explain the experimental data and is in general 
agreement with diterpene fragmentation patterns reported by Enzell 
61 and Ryhage . The nomenclature for this type of diterpene structure, 
62 shown in Figure 4, has been adapted from Hanson 
Diterpene II (25) 
Diterpene II was recrystallized from acetone-petroleum 
ether (b.p. 40 - 60°C.) as fine "hair-like" colourless needles; 
m.p. 110-114°C. 
Its high resolution mass spectrum, shown in Table 6, gave 
the molecular ion at m/e 348.19265 (C2Q H^g 0^). 
Although an i.r. spectrum of diterpene II could not be 
obtained, due to lack of material, the original mixture containing 
both diterpene I and diterpene II showed a strong absorption at 1708 cm ̂  
(indicating an ester carbonyl) which is absent in diterpene I. 
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The defocussed metastable technique (Table 2) confirmed the 
following fragmentations. 
m/e 348 = M^' 
318 = M"̂ ' - CH.O- (348—318:M"290.6) 
290 = M"*"* - CH.O' - CO (318-^290:FF1) 
233 = M"̂ ' - CH^O* - CO - C^H^O' (290-- 233 :FF1 ) 
215 = M"̂ - - CH^O- - CO - C3H^0- - H^O (233 -^215 :M"I98.4) 
The more important fragmentations are outlined in Figure 6. 
It must be pointed out that the easy loss of the CH2O grouping is well 
documented in the case of tetrahydrofuran derivatives^^. 
On the basis of this evidence, (25) is proposed, again as 
a working hypothesis, for the structure of diterpene II. 
THE CONSTITUENTS OF MARSDENIA ROSTRATA 
The neutral fraction from ^ rostrata. collected in the 
Wollongong area, contained a number of aglycones, of which only one, 
54 namely metaplexigenin, has been identified . 
A t.l.c. comparison (Figure 7) of the neutral extract from 
M. rostrata and the extract from ^ flavescens. though belonging to the 
same genus and being collected in the same locality, showed no similarities 
TABLE 3 
FIRST FIELD FREE REGION METASTABLES 
ROSTRAGENIN I 
Daughter 
348 
330 
305 
302 
287 
269 
262 
244 
Measured 
Parent 
367.7 
347.2 
321.8 
318.3 
329.6 
285.4 
320.3 
261.1 
301.8 
Intensity 
40 
100 
530 
150 
10 
1400 
20 
30 
550 
Rostragenin I (26) 
Impure rostragenin I , r e - i s o l a t e d from ^ rostrata , 
was p u r i f i e d by t . l . c . and r e c r y s t a l l i z e d from acetone-petroleum 
ether ( b . p . 40-60°C. ) as co lour less prisms; m.p. 225-229°C. 
Mass spectra l analysis of rostragenin I showed the molecular 
ion to be at m/e 366; confirmed by a f i r s t f i e l d f ree region 
metastable (Table 3 ) . A high reso lut ion mass match of the M-18 peak 
as composition of the molecular ion as Ĉ -̂  H^^ 
The i . r . absorption spectrum showed a strong peak at 3450 cm ^ 
and 3380 cm ^ f or the hydroxyl stretching frequencies and a strong peak 
at 1697 cm ^ for a keto group in an a l iphat i c side chain in the 
con f igurat i on . Although there is a weak absorption at 1630 cm 
this does not seem to be due to unsaturation as the n.m.r . showed no 
absorption in the o l e f i n i c proton region and this is in agreement with 
a negative r e s u l t obtained in the tetranitromethane tes t for unsaturation 
A 100 MHz n .m.r . spectrum of rostragenin I, run in d^-pyridine, 
(Figure 8) showed three proton s ing le ts at ¿ 0 . 8 7 , .78 andcJ'1.81 
assigned to I9-CH2J I8-CH2 and 2I-CH2 respec t ive ly . A broad one proton 
s ignal at 82 i s assigned to 3oi.-H while a one proton mult iplet at 
<¿"4.60 is assigned to 12/-H. The signal at <S4.65, equivalent to one 
proton, disappeared when the compound was shaken with D2O; the signals 
atcS5.64, ^5 .72 , ê5.92 and 98, equivalent to three protons, a lso 
disappeared when the compound was shaken with There was no evidence 
f or a proton on C-17. 
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Initial study of the mass spectrum, shown in Table 7, 
indicated a direct loss of CH2O2 (348-*-302) and it was considered 
possible that rostragenin I is a formic acid ester of a polyhydroxy 
steroid. It could however be shown that this is not correct. Namely, 
four exchangeable protons proved to be present in the n.m.r. spectrum 
of the compound while the above structure would only allow a maximum 
of three. In addition, no formyl proton could be found in the n.m.r. 
4 
spectrum, run in d -methanol, when scanned from^6.0 to ^20.0. 
Defocussed metastable measurements, shown in Table 3, failed 
to show the single CH2O2 loss, rather indicating spearate losses of CO 
and H2O. 
The mass spectrum of rostragenin I could possibly be 
explained by two separate and distinct breakdown mechanisms, both 
confirmed by first field free region metastables. The usual break-
down pattern for polyhydroxy-pregnane derivatives is shown below: 
m/e 366 = M^' 
348 = M"*"' - H2O (FFl) 
330 = m"^' - 2H2O (FFl) 
323 = M"^' - CH^CO* 
305 = M"^' - CH3C0'- H2O (FFl) 
287 = m"^' - 2H2O - CH3CO' (FFl) 
269 = m"^' - 3H2O - CH3C0' (FFl) 
251 = M"^' - 4H2O - CH^CO' 
The other main fragmentation pattern operating is explained 
by the following losses; 
m/e 366 = 
348 = - H2O (FFl) 
320 - - H^O - CO 
262 = - H^O - CO - C^H^O' (FFl) 
244 = 262 - H2O (FFl) 
226 = 262 - 2H2O 
302 = 320 - H^O (FFl) 
244 = 320 - H2O - C3Hg0' (FFl) 
Structure (26 ) , representing one of several possibilities, 
allows interpretation of the experimental data for rostragenin I . 
Rostragenin I I (27) 
Impure rostragenin I I was re-isolated from the neutral 
aglycone mixture of ^ rostrata. It was purified on a preparative 
silica chromatographic plate impregnated with 25% silver nitrate 
and chloroform-methanol ( 4 : 1 ) as solvent. 
Rostragenin I I recrystallized as colourless plates from 
acetone-petroleum ether (b .p . 60-80^C.); m.p. 202-206 C. 
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Its u .v . spectrum in ethanol showed no absorption above 
207 nm (log 6 = 3 . 3 0 ) . 
From an examination of the i . r . spectrum in the region 4000 cm~^ 
to 1500 cm a strong broad band, centred at 3380 cm"^, indicated a 
high degree of hydroxylation. A strong absorption at 1695 cm"^ can 
32 
be ascribed to an aliphatic (side chain) keto group in the p»-configuration . 
There was no i . r . evidence for an olefinic double bond. 
A 100 MHz n.m.r. spectrum of rostragenin I I (Figure 9) , 
run in d^-pyridine, showed three sharp singlets, each integrating to 
three protons, at cro.82, vTl.70 and^2 . 62 assigned to the three angular 
methyl groups I9-CH25 18-^^ and 2I-CH2 respectively. A one proton 
multiplet at«S^3.37 can be assigned to 17ô -H and the two proton multiplet 
at ^ 3 . 7 3 , to the overlapping signals from 12oC-H and 3oC-H. The one 
proton signals at<5S'5,63 and 0^6.48 and the two proton multiplet at 
«J^6.00 all disappeared when the compound was shaken with D^O and 
are ascribed to the four hydroxyl groups. 
The mass spectrum, shown in Table 9, gave the molecular ion 
at m/e 366 and a high resolution mass match confirmed the formula 
^21 ^34 ^5' ^ ^ base peak m/e 305 and the fragmentations due to the 
loss of the hydroxyl and acetyl group have been explained, i . e . 
/ +• 
m/e 366 = M 
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m/e 348 = - H^O 
330 = - 2H2O 
323 = - CH^CO' 
305 = - CH3CO' - H2O 
287 = - CH^CO' - 2H2O 
269 = M - CH^CO* - 3H2O 
251 = M - CH^CC - 4H2O 
The direct formation of these ions, i.e. from the molecular 
ion to m/e 251, is confirmed by the metastable peaks at m''288.0 
(323 -^305 + 18), M'^270.1 (305 --287 + 18), M"252.2 (287 -^269 + 18) 
Vc 
and M 234.2 (269 -^251 + 18). The more significant fragmentation 
patterns, confirming the positioning of the substituents are shown in 
Figures 10 and 11. Accordingly, the structure of the new steroid, 
rostragenin II, has been elucidated as: 5cl - dihydro - 17 - isolineolon 
(27), i.e. the double bond of 17 - isolineolon^^ is hydrogenated. 
No authentic 17 - isolineolon could yet be obtained to prepare a 
sample for comparison. 
HYDROLYSIS OF METAPLEXIGENIN 
Deacetylmetaplexigenin has been obtained from a number of 
46 47 
sources ' , each time by the alkaline hydrolysis of a mixture of 
acylgenins followed by chromatographic purification. 
All reported examples of deacetylmetaplexigenin show two 
47 
absorption bands in the carbonyl region of the infrared spectrum 
suggesting a mixture of two diastereoisomers epimeric at C-17. 
54 
Metaplexigenin, isolated from ^ rostrata , was hydrolyzed 
under vigorous conditions (i.e. refluxed with 5% methanolic potassium 
hydroxide). The carbonyl stretch region of the product showed two main 
absorption bands, i.e. 
1710 cm"^ 
1685 cm"^ 
However, when metaplexigenin, again from M. rostrata, was 
hydrolyzed under milder conditions (i.e. by allowing to stand at 
room temperature in aqueous ammonia) and the hydrolysis was allowed 
to proceed only 40% towards completion then the absorption maxima in 
the i.r. spectrum showed quite different intensities to those produced 
by the usual vigorous hydrolysis described above. The carbonyl stretch 
region of the mild hydrolysis product is shown thus; 
1685 cm - 1 
1702 cm 
It should be noted that the mass spectra of 14^ - hydroxy - 20 
keto steroids, epimeric at C-17, show differences in their fragmentation 
29,64 . ^ 
patterns ; viz , the 17p- isomer loses water much more readily than 
the - isomer. Similar results were obtained when the two different 
hydrolysis products of metaplexigenin underwent fragmentation in the 
mass spectrometer. The product obtained from the mild hydrolysis 
showed m" '̂ - H2O = 5.0% R . I . while that from the vigorous hydrolysis 
showed m"*"' - H^O = 2.0% R . I . (Table 10) . 
Optical rotatory dispersion studies by Mitsuhashi et al^^'^^ 
of o . r . d . curves obtained from a number of 20 - keto (cis C/D ring) 
steroids after alkaline hydrolysis had already established that the 
17(3- H epimer is more stable than the corresponding 17^ - H isomer. 
However, metaplexigenin has a 17-OH^and not 17-H, substituent making 
epimerization a difficult possibility. For this reason, until further 
investigation can be carried out to interpret such a proposal, no 
explanation is offered for the behaviour of metaplexigenin. 
E X P E R I M E N T A L 
GENERAL 
Melting points were determined on an electrically heated 
Reichert micro-melting point apparatus and are uncorrected. 
Optical rotations were determined on an ETL-NPL 
Automatic Polarimeter. 
Microanalyses were carried out by the Australian 
Microanalytical Laboratory, C.S.I.R.O., Melbourne. 
Infrared absorption spectra were recorded as potassium 
bromide discs on a Jasco Grating Infrared Spectrophotometer model 
DS-403G and ultraviolet spectra were recorded in ethanol on a Perkin-
Elmar 137 Ultraviolet-Visible Spectrophotometer. 
Nuclear magnetic resonance spectra were recorded on a J.E.O.L, 
100 MHz N.M.R. Spectrophotometer at the University of New South Wales 
using tetramethylsilane as an internal reference and, unless otherwise 
specified, deuteropyridine as solvent. Abbreviations used to describe 
the n.m.r. spectra are: s, singlet; d, doublet; q, quartet, and 
m, multiplet. 
Low resolution mass spectra were run on an Atlas CH-7 
Mass Spectrometer at the Department of Chemistry, Australian National 
University. High resolution mass spectra were determined either at 
the Department of Chemistry, Stanford University on a Varian Mat 711, 
or at the Division of Entomology, C.S.I.R.O., Canberra, on an MS-902. 
Some high resolution mass matchings were carried out at the Research 
School of Chemistry, A.N.U. also on an MS-902. 
Column chromatography was carried out using Merck Neutral 
Aluminium Oxide, Grade II-III. 
Thin-layer chromatography, both analytical and preparative, 
was carried out on plates prepared from Kieselgel G. nach Stahl, and 
unless otherwise specified, R^ values refer to the solvent system 
chloroform-methanol (19:1). The compounds were visualized by spraying 
with a mixture of sulphuric acid and acetic anhydride (1:1) in 
ethanol and warming the plate to 110°C. for ten minutes. 
THE CONSTITUENTS OF MARSDENIA FLAVESCENS 
First Collection 
Extraction 
The first collection of Marsdenia flavescens was made in 
1970 by the author, using the botanical description given by Beadle^ 
et al., from the slopes of Mount Keira on the Illawarra escarpment of 
New South Wales. The correctness of this identification was confirmed 
67 
by Dr. J.S. Beard , Director and Chief Botanist, National Herbarium, 
Sydney. 
Dried, milled plant material (1.9 kg) was extracted by 
percolation with cold methanol. The methanol was removed by 
distillation under reduced pressure to give a dark green viscous 
liquid which was added to two litres of dilute sulphuric acid and 
allowed to stand for forty-eight hours. Any tar which separated was 
filtered off, extracted with a mixture of acetic acid, ethanol and 
dilute sulphuric acid (5:1:10) and the tarry residue discarded. The 
two aqueous acidic extracts were combined and extracted with ether-
petroleum ether (b.p. 60-80°C.) mixture (1:1). Any aqueous, acid 
soluble, material extracted by the organic solvent was re-extracted 
with 0.5 N sulphuric acid and the ethereal solution discarded. 
The two aqueous acidic extracts were again combined, basified 
with concentrated ammonia solution and exhaustively extracted with 
chloroform. The aqueous extract was not further investigated. 
After extraction of the chloroform solution with IN sulphuric 
acid, the aqueous acidic solution was basified and re-extracted into 
chloroform. As comparison of the thin-layer chromatograms showed that 
the constituents of the two chloroform extracts were very similar, 
they were combined and worked up together. This combined extract gave 
a negative Mayer's test and a positive Liebermann-Burchard test. 
The chloroform extract was dried over anhydrous magnesium 
sulphate. After removal of the solvent, by distillation under reduced 
pressure, it gave 9.9g ( 0 . 5 0 7 o ) of a crude mixture as an oil. 
Isolation of the Constituents 
The crude mixture was initially fractionated by chromatography 
on an alumina column with chloroform as the eluant; the end fraction 
being eluted with methanol. The fractions were collected in tubes 
of 25 ml. capacity. 
Fraction Tube No. Weight 
I 1 - 5 6.0 8 Oil 
II 6 - 26 1.9 g Foam 
III 27 - 46 1.0 g Foam 
IV End Fraction 0.3 g Foam 
Fraction I gave an oily material consisting of a nijmber of 
compounds with high R^ values. They gave mainly intense violet colours 
when sprayed. This material was not further investigated. 
Fraction I I I , consisting essentially of one component, was 
recrystallized from acetone (39.0 mg). The non-crystalline fractions 
and the mother liquors from fraction I I I were re-combined (1.7 g) and 
re-chromatographed on an alumina column in a different solvent system, 
again collecting 25 ml fractions. 
Sub-Fraction Tube No. Solvent Weight 
I.V 1 - 19 CHCI3 - C^H^ (5 :1 ) Oil 
II- 20 - 39 II 0.2 g 
III- 40 - 55 M 0.1 g 
IV'^ 56 - 80 CHCI3 0.2 g 
V- End. Fn. CHCl^ - EtOH (1 :1 ) 0.6 g 
Sub-fraction IV'^ was re-crystallized from acetone to give 
a further 31 .0 mg of the compound isolated from fraction I I I . 
Structure Elucidation of a New Steroid - Flavescin 
Flavescin crystallized from acetone as colourless prisms; 
xn.p. 252-254°C. 
Found C, 65 .6 ; H, 8 . 2 ; 0, 26.3%. 
^ 3^34^7 C, 65 .4 ; H, 8 .1 ; 0, 26.5% 
TABLE 4 
HIGH RESOLUTION MASS SPECTRUM 
FLAVESCIN 
M/E R.I. Composition 
422.23291 1 .7 ^23 ^34 s 
404.22119 10.3 ^23 H32 
386.21436 1.4 ^23 ^30 s 
345.20776 2 .9 ^21 ^29 
344.20239 12.4 ^21 ^28 
326.18872 6 .3 S i ^26 s 
311.16724 2 .7 S o S 3 s 
308.17798 3 . 0 S i S 4 s 
293.15503 3 . 0 S o S i s 
282.16089 8.2 S 9 S 2 s 
210.12762 13.5 S 2 S s s 
206.09454 10.9 S 2 S 4 s 
203.10764 16.6 S 3 S 5 s 
192.10612 7 .8 S 2 S 6 s 
190.09868 70.6 S 2 S 4 s 
177.09195 12.6 S i S 3 s 
172.08876 7 .0 S2 S 2 0 
155.10487 35.6 s S 5 s 
153.09148 16.9 s S 3 s 
147.08165 19.6 S o S i 0 
136.09267 4 .8 s S2 0 
123.08005 13.3 s S i 0 
111.08099 21.7 s S i 0 
97.06451 37.8 s s 0 
43.01746 100.0 s s 0 
+ 121° (c, 0.12 in methanol). 
R^ 0 .28 ; giving a red to violet colour when sprayed with 
acetic anhydride-sulphuric acid, and a yellow colour when sprayed with 
antimony trichloride in chloroform. 
X m a x . (Ethanol): 207 nm (log £ = 3 . 20 ) , 221 nm ( log£=3 .26 ) 
and 297 nm (logS = 2 . 20 ) . 
^ max. (KBr): 3440 cm"^ (0-H stretch), 3360 cm"^ (0-H stretch), 
3270 cm"^ (0-H stretch), 2960 cm"^ (C-H stretch), 2920 cm~^ (C-H stretch), 
1740 cm~^ (C = 0 acetate stretch), 1715 cm"^ (C = 0 stretch), 1672 cm"^ 
Stretch) and 870 cm"^ (olefinic C-H bend). 
The keto group showed^max. at 1701 cm ^ in nujol mull and 1708 cm ^ in 
chloroform solution. 
The mass spectrum (Table 4 ) showed the molecular ion at 
m/e 422 and the base peak at m/e 43. 
A 100 MHz n.m.r. spectrum in d^-pyridine showed the following 
signals: 
cS^lAS (3H, d, J = 6 .5 Hz, 2I-CH3); c^l.50 (3H, s, I9-CH3); ^ 1 . 6 2 
(3H, s, I8-CH3); ^ 2 . 2 5 (3H, s. Acetyl); ^ 3 . 2 8 (IH, m, 17o<-H); 
er3 .90 (IH, m, 3<^H); cr4.12 (IH, m, 12c<.-H); cr4 .15 (IH, s, OH); 
^5*5.08 (2H, m, 20-H and OH); <f5.59 (IH, m, 6-H); cS^6.65 (IH, s, OH) 
and67.26 (IH^, OH). 
Test for Unsaturation. 
On treatment with tetranitromethane , flavescin gave a 
yellow colouration indicating a degree of unsaturation. 
Phenylhydrazone. 
Phenylhydrazine hydrochloride and sodium acetate were 
dissolved in warm water and added to a few crystals of flavescin. 
The mixture was refluxed on a boiling water bath for half an hour and 
the product washed with water, dried, and its mass spectrum in the region 
m/e 400 - 800 examined. A prominent peak at m/e 512 showed it to be a 
phenylhydrazone. As there were no peaks at higher m/e values, no 
osazone had formed. 
Second Collection 
Extraction 
A second collection of ^ flavescens was made by the author 
in the same area as the first collection but during June 1971. 
Dried, milled plant material (2.9 kg) was extracted by 
percolation with cold methanol and the extract (25L) concentrated to 
about four litres. Two litres of water were added and the aqueous 
solution extracted four times with petroleum ether (b.p. 60-80 C.). 
The petroleum ether layer was washed with methanol and the methanolic 
extract added to the aqueous extract. A Keller-Kiliani test on 
60 the aqueous phase was positive ^ i.e. a blue—green colouration 
FIGURE 12 
EXTRACTION SCHEME FOR M. FLAVESCENS 
Dried. Milled Plant 
Percolate with 
Me OH. 
Methanolic Extract 
Remove most of MeOH, 
dilute with water, 
extract with petroleum ether 
Aqueous Phase 
Acidify with 
d i l . H^SO, , stand, 
f i l ter : 
Aqueous Acidic Phase Tar (Discard) 
Evaporate MeOH, 
dilute with water, 
extract with CHCl^. 
Chloroform Phase 
Aqueous Phase 
(Discard) 
Wash with NaHCO^, 
water. Dry, 
evaporate. 
Crude Aglycone Mixture 
Petroleum ether 
(Discard) 
occurred, indicating the presence of 2-desoxy sugars in the extracted 
glycosides. 
Dilute sulphuric acid (2N, one litre) was added to the 
aqueous phase and the solution was allowed to stand, at room temperature, 
for six days. The tar which settled was filtered off, washed with 2N 
sulphuric acid and discarded. The two aqueous acidic solutions were 
combined, and concentrated by removal of most of the methanol until 
the liquid became turbid. The concentrate was then diluted with an 
equal volume of water and exhaustively extracted with chloroform. The 
chloroform layer was washed once with dilute sodium bicarbonate 
solution then twice with water and finally dried over anhydrous 
magnesium sulphate. Removal of the chloroform under reduced pressure 
gave 26 g. of a green viscous oil (yield 0.88%). 
A summary of the extraction procedure is shown in Figure 12. 
Isolation of the Constituents 
The total crude mixture (26 g) was purified by 
chromatographic separation on an alumina column (780 g). Chloroform 
was used as the initial solvent. The separation was carried out 
using the fractional elution technique. The fractions were collected 
in tubes of 50 ml. capacity and the composition of each determined 
by t.l.c. on a silica plate (Figure 13). 
FIGURE 13 
T.L.C. OF CRUDE FRACTIONS FROM 
jyL- F L A V E S C E N S VISUALIZED BY SPRAYING 
WITH ACETIC ANHYDRIDE-SULPHURIC ACID 
SILICA PLATE 
SOLVENT: CH£i^Ma,OH (9=1) 
o GREEN 
0 VIOLET 
0 VIOLET 
o 
o 
VIOLET O VIOLET 
o 
o VIOLET 
o ORANGE 
C? RED 0 RED 0 RED 
O VIOLET • 
• 
• • • 
A B C D 
Fraction Tube No. Solvent Weight 
A 1 - 6 CHCl^ 8.3 g 
B 7 - 1 0 CHCI3 - MeOH (50:1) 3.8 g 
C 11 - 12 CHCI3 - MeOH (10:1) 2.0 g 
D 13 - 15 CHCI3 - MeOH (20:3) 5.3 g 
Fraction C crystallized from benzene to give fine white 
needles of impure diterpene I. 
Fractions A and B were combined (12.1 g) and chromatographed 
on an alumina column (370 g) with benzene-chloroform (20:1) as the 
initial solvent. After elution of the high R^ material 25 ml fractions 
were collected. 
Tube No. Solvent 
1 - 9 - CHCI3 (20:1) 
10 - 17 - CHCI3 (1:1) 
18 - 32 CHCI3 
End MeOH 
Tubes 1 - 1 7 gave an intractible oil which was not further 
investigated. 
Tubes 18 - 32 and the mother liquor from fraction C were 
combined and a further quantity of impure diterpene I was obtained, 
giving a total yield of 320 mg. 
The impure diterpene I was purified on a preparative 
silica plate with benzene - methyl ethyl ketone (1:1) as the 
developing solvent. Pure diterpene I and an impurity, called 
diterpene II, were separately extracted with hot methanol from the 
preparative plate. Both solutions were evaporated to dryness. The 
residues were dissolved in acetone, filtered and evaporated to dryness. 
Elucidation of the Structures of Diterpene I 
and Diterpene II 
Diterpene I. 
Diterpene I was isolated as a white foam (180 mg) after 
removal of the acetone. It was extremely soluble in acetone, ethyl 
acetate and methanol but insoluble in water and was eventually 
crystallized from a large excess of benzene, as fine colourless "rod-like" 
crystals; m.p. 138 - 141°C. These crystals contained one mole of 
benzene of crystallization. This could be removed by drying, over 
paraffin, at 93°C. and 0.2 mm of mercury for five days. 
Found C, 72.2; H, 9.3%; 
^20 ^30 C, 71.8; H, 9.1% 
- 9.4° ( c, 0.53 in methanol) 
TABLE 5 
HIGH RESOLUTION MASS SPECTRUM 
DITERPENE I 
M/E R . I . Composition 
334.21537 1.2 S o ^30 
304.20267 65.7 ^28 
286.19298 3.1 ^26 s 
2M 100.0 
^23 s 
229.15906 3.5 ^21 
0 
220.14680 8.7 ^20 s 
213.12824 6.1 S 7 
0 
211.14698 4.9 
183.11758 2.6 S 5 
175.11220 1.7 
S 5 
0 
169.10151 2.2 
S 3 
161.09680 1.9 
S i S 3 
0 
145.10161 10.4 S i S 3 
131.08619 4.5 
S o S i 
123.08067 11.2 S S i 
0 
109.06536 13.2 S H 9 0 
105.07073 10.1 S s 
93.07026 6.9 S H 9 
85.06546 7.2 S H 9 0 
81.07068 6.0 S H 9 
79.05462 7.5 S s 
69.03390 5.7 S s 0 
43.01799 50.1 S H 3 0 
R^ 0.53 (benzene-methyl ethyl ketone ( 1 : 1 ) ) ; producing when sprayed 
a rouge colour which faded to a light green. 
Test for Unsaturation. 
A distinct yellow colouration was produced when diterpene I 
was treated with tetranitromethane. 
Xmax. (Ethanol): 209 nm (log 6 = 2 .87 ) . 
Transparent at higher wavelengths. 
^ max. (KBr.) : 3535 cm"^ (0-H stretch), 3420 cm"^ (0-H stretch), 
- 1 - 1 -1 
2920 cm (C-H stretch), 2855 cm (C-H stretch), 1668 cm (C = C stretch), 
1651 cm ^ (C = C stretch) and 1115 cm ^ (asym. C-O-C stretch). 
The high resolution mass spectrum of diterpene I (Table 5) 
showed the molecular ion at m/e 334 (C2Q H^Q and the base peak at 
m/e 247 (C^^ H23 O^). 
A 100 MHz n.m.r. spectrum in d^-pyridine showed the following 
absorptions: Si,01 (3H, s ) ; ^ 1 . 2 4 (3H, s) ; ^ 1 . 5 8 (3H, s ) ; ^ 3 . 7 7 (IH, m); 
^ 3 . 9 5 (IH, s ) ; tj*4.05 (IH, d, J = 6.5 Hz); c?4.43 (IH, d, J = 10 Hz); 
^ 5 . 4 0 (3H, partly obscured); tj^6.13 (IH, s, OH) and 0^6.30 (IH, s, OH). 
Diterpene I I . 
The impurity from crude diterpene I , comprising about ten 
percent of the mixture, was recrystallized from acetone-petroleum 
ether (b.p. 40-60°C.) until t . l . c . examination showed it to be homogeneous. 
TABLE 6 
HIGH RESOLUTION MASS SPECTRUM 
DITERPENE II 
M/E R.I . Composition 
348.19265 44.8 ^20 ®28 ^5 
318.18238 15.5 
^19 ^26 
290.18767 9.5 ^18 ^26 
275.16414 6.7 
^17 ^23 
261.14890 5.6 
^16 ^21 
247.16949 6.9 ^16 ^23 
233.15300 100.0 
^15 ^21 
215.14403 15.2 
^15 ^19 
0 
201.09196 8.5 
^13 
197.13329 3.7 ^15 
157.10132 3.6 ^12 
147.11722 11.6 
^11 
145.10202 15.6 
^11 
131.08586 18.9 ^10 
126.06756 12.6 
% 0 
125.06014 16.6 Hg 
109.06523 9.0 0 
105.07011 24.7 
97.06526 20.7 H9 0 
91.05496 23.2 
79.05484 11.4 
78.04675 1.7 
«6 
69.03417 11.7 0 
57.03422 5.1 0 
43.01810 81.7 
^2 
H3 0 
m.p. 110-114°C.; dried at 60°C., 1 m.m. of mercury, over 
P20^ for twelve hours. 
Five milligrams of colourless, "hair-like" needles were 
obtained, R̂ ^ 0.62 (benzene-methyl ethyl ketone (1:1)). It produced a 
pink colouration when sprayed with acetic anhydride-sulphuric acid 
mixture. 
The high resolution mass spectrum of diterpene II, shown 
in Table 6, gave the molecular ion at m/e 348 (C^^ 0_) and the zU Zo J 
base peak at m/e 233 (C^^ H^^ O^). 
THE CONSTITUENTS OF MARSDENIA ROSTRATA 
Marsdenia rostrata was collected from the Illawarra 
escarpment near Wollongong during the same period as the second 
collection of M. flavescens. i.e. during June 1971. After isolation 
of metaplexigenin from the non-alkaloidal portion of an extraction 
54 of M. rostrata, a number of crude fractions remained uninvestigated 
TABLE 7 
MASS SPECTRUM ROSTRAGENIN I 
Inlet Temp. 140°C. Electron Voltage 70 e.v. 
High Resolution 
M/E R.I. Mass Match 
366 0.6 
348 2.0 ^21 H32 O4 
346 3.1 
339 1.3 
330 3.2 °3 
323 4.3 
320 5.1 
315 1.1 
305 16.5 ®29 °3 
302 100.0 S o ^30 °2 
295 7.6 
287 22.2 ^19 ^27 O2 
269 15.4 
262 98.1 «2 
251 5.1 
249 20.3 
244 54.4 «24 0 
226 35.5 ^17 H22 
213 15.2 
157 17.8 
107 35.5 
43 91.2 
Structure Elucidation of Rostragenin I 
Impure rostragenin I, from ^ rostrata , was purified by 
t.l.c. and recrystallized from acetone-petroleum ether (b.p. 40-60°C.) 
to give colourless prisms; m.p. 225-229°C. 
9 
D + 18° (c, 0.11 in methanol) 
Rf 0.10; yellow colouration when sprayed with acetic anhydride-
sulphuric acid reagent, but could not be detected when sprayed with 
antimony trichloride in chloroform. 
Test for Unsaturation. 
No yellow colour was produced when rostragenin I was treated 
with tetranitromethane. 
max. (KBr): 3450 cm"^ (0-H stretch), 3380 cm'^ (0-H stretch), 
2920 cm"^ (C-H stretch), 2855 cm"^ (C-H stretch), 1697 cm"^ (C = 0 stretch) 
and 1630 cm ^ (weak). 
The mass spectrum of rostragenin I (Table 7) showed the 
molecular ion at m/e 366 ((̂ 21 ̂ 34 ^5^ ^^^ base peak at m/e 302 
(^20 ̂ 30 
A 100 MHz n.m.r. spectrum of rostragenin I in d^-pyridine 
showed the following signals: 
^0.87 (3H, s, I9-CH3), ^1.71 (3H, s, I8-CH3), ̂ 1.81 (3H, s, 2I-CH3), 
^2.65 (IH, m), QR3.82 (IH, m, 3O6-H), ̂ 4.60 (IH, m, 12^-H), and 
^4.65 (IH, s, exchanged with D^O). 
The absorption peaks at ̂ ^ 5 . 6 4 , 0 ^ 5 . 9 2 and^5.98 were 
equivalent to three protons; all of them exchanged on addition of 
D2O. 
A 100 MHz n.m.r. spectrum in d^-methanol showed no absorption 
in the region cS'e.O to<5*20.0. 
Isolation and Elucidation of the Structure of 
Rostragenin II as Dihydro-17-isolineolon 
An impure fraction was isolated from the crude aglycone 
mixture from ̂  rostrata and cyrstallized from acetone as colourless plates 
T.l.c. examination, on a silica plate with chloroform-methanol (19:1) 
as solvent, showed only one spot R^ 0.25. However, when chromatographed 
on a silica plate impregnated with silver nitrate (25%) and using 
chloroform-methanol (4:1) as solvent it separated into three components. 
The major component, rostragenin II, (R^ 0.65) represented about eighty 
percent of the mixture. The minor component showed R^ 0.38 and only a 
trace amount of the third component was present. 
The impure mixture (150 mg) was chromatographed on a 
preparative silica-silver nitrate (25%) plate, which had been activated 
at 110°C. for two hours, and developed with chloroform-methanol (4:1). 
T.L .C . COMPARISON OF THE NEW COMPOUNDS 
ISOLATED FROM M. ROSTRATA AND M. FLAVESCENS 
Compound 
Chloroform-
Methanol (19 :1) 
Rf (Rg^) 
Chloroform-
Acetone ( 7 : 3 ) 
Rf (Rg^) 
Benzene-
Methyl Ethyl 
Ketone (1 :1 ) 
Rf (Rg^) 
Colour Reaction 
Acetic Anhydride-
Sulphuric Acid 
Rostragenin I 
(M. rostrata) 
0 .10 (0 .29) 0.15 (0 .25) 0.14 (0 .27) Yellow 
Rostragenin II 
(M. rostrata) 
0.25 (0 .74) 0 .40 (0 .70) 0.43 (0 .78) Yellow 
Flavescin 
(M. flavescens) 
0.28 (0 .93) 0.55 (0 .91) 0.55 (0 .98) Pink-^Red 
Diterpene I 
(M. flavescens) 
0.35 (1 .14) 0.61 (1 .00) 0.53 (0 .93) Rouge 
Diterpene I I 
(M. flavescens) 
0.35 (1 .14) 0.65 (1 .08) 0.62 (1 .07) Pink 
w M 
H 
00 
Where ST = Metaplexigenin. 
After detecting the separated components with acetic anhydride-sulphuric 
acid spray, (along one edge of the plate) they were extracted with hot 
methanol, evaporated to dryness and the residue was dissolved in 
chloroform. The chloroform solutions after extraction with water were 
dried over anhydrous magnesium sulphate and evaporated to dryness. 
The fraction containing the minor component could not be 
purified satisfactorily and was not further investigated. The fraction 
containing the major component, rostragenin II, was recrystallized from 
acetone-petroleum ether (b.p. 60-80°C.) until t.l.c. examination showed 
it to be homogeneous. 
A t.l.c. comparison of all the new compounds studied from 
the two Marsdenia species is summarized in Table 8. 
Rostragenin II. 
m.p. 202-206°C. 
R^ 0.25. Spray colour: yellow. 
A max. (Ethanol): 207 nm (log 6 = 3.32) 
Transparent at higher wavelengths. 
•^max. (KBr): 3460 cm'^ (0-H stretch), 3300 cm"^ (0-H stretch), 
2940 cm"^ (C-H stretch), 2860 cm"^ (C-H stretch) and 1695 (C = 0 
stretch). 
TABLE 9 
MASS SPECTRUM ROSTRAGENIN II 
Inlet Temp. 105°C. Electron Voltage 70 e.v. 
High Resolution 
Mass Match M/E R.I. 
366 0.6 
348 5.4 
330 6.0 
323 17.9 
305 100.0 
287 65.7 
269 70.2 
262 17.9 
251 9.4 
226 5.1 
196 1.1 
190 2.0 
175 20.9 
171 5.1 
160 4.0 
153 3.7 
147 20.5 
140 2.7 
122 6.5 
113 35.8 
110 5.7 
107 50.8 
95 25.4 
70 4.6 
43 70.2 
^21 ^34 
^21 H32 
^21 "30 
O3 
^19 H29 ^3 
The mass spectrum (Table 9) showed the molecular ion at 
m/e 366 (c^^ H^^ 0^) and the base peak at m/e 305 (C-^ H 0 « ) . 
A 100 MHz n.m.r. spectrum in d^-pyridine showed the following 
peaks: 
cro.82 (3H, s , I9-CH3), I8-CH3), ^ 2 . 6 2 (3H, s , 2I-CH3), 
c:r3.37 (IH, m, 17<^-H), cf3.73 (2H, m, 12«<-H and 3ot-H), '5r5.63 (IH, m, OH), 
^^6.00 (2H, m, 2-OH) andJ6.48 (IH, s , OH). 
The signals atcS5.63,cJ6.00 and^6.48 a l l disappeared on 
addit ion of D2O. 
TABLE 10 
COMPARISON OF THE MASS SPECTRA OF THE 
HYDROLYSIS PRODUCTS OF METAPLEXIGENIN 
PRODUCT OBTAINED BY 
a) Vigorous 
Hydrolysis 
b) Mild 
Hydrolys; 
Electron Voltage 70 eV 70 eV 
Source Heat 120°C. 135°C. 
Ion Current 0.6^A 0.6 ̂ A 
M/E R.I. 
(380) - -
362 2.0 5.0 
344 1.9 5.1 
337 38.1 67.1 
319 82.5 100.0 
301 63.9 72.0 
283 63.4 74.2 
256 17.5 22.0 
113 52.6 45.8 
43 100.0 92.7 
HYDROLYSIS OF METAPLEXIGENIN 
Vigorous Hydrolysis 
Metaplexigenin, isolated from M. rostrata^^. was refluxed 
for five hours with 5% methanolic potassium hydroxide solution. After 
diluting it with water, the product was extracted into chloroform. The 
chloroform extract was dried over anhydrous magnesium sulphate and 
evaporated to dryness. 
The product, deacetylmetaplexigenin (R^ 0.25) was 
recrystallized from acetone; m.p. 215-221°C. 
The carbonyl stretch region of its i.r. spectrum, in KBr, 
showed a medium absorption at 1710 cm ^ and a strong absorption at 
1685 cm"^. 
Mild Hydrolysis 
Metaplexigenin was dissolved in methanol and concentrated 
ammonia solution was added. The reaction was allowed to proceed at 
room temperature until t.l.c. examination showed that about 40% product 
had formed. The reaction was then terminated by removing the ammonia 
under reduced pressure. 
Two products were formed in the reaction. The major component 
had R^ 0.25 and the minor one, R^ 0.19. The reaction mixture was 
purified on a preparative silica plate with chloroform-acetone (1:3) 
as solvent. The zone containing the major product was extracted with 
hot methanol and recrystallized from acetone-petroleum ether (b.p. 
60-80°C.), m.p. 219-221°C. 
The carbonyl stretch region of its i.r. spectrum, in KBr, 
exhibited a strong absorption at 1702 cm ^ and a medium intensity 
absorption at 1685 cm ^. 
A comparison of the mass spectra of the vigorous hydrolysis 
product and the mild hydrolysis product of metaplexigenin, determined 
under similar conditions, is shown in Table 10, 
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